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1
METHOD FOR REGULATING THE
FORMATION OF A FIBROUS WEB

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a continuation of PCT application No. PCT/
EP2011/065940, entitled “METHOD FOR REGULATING
THE FORMATION OF A FIBROUS WEB?”, filed Sep. 14,
2011, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method as well as to a device for
regulating the formation of a fibrous web, in particular a
paper, cardboard or tissue web, whereby formation of the
fibrous web is measured online as a control variable and is
kept to a predefined set point level via automatic formation
control.

2. Description of the Related Art

The fiber distribution and composition in a fibrous web is
described as formation. The formation is generally also
described as the “look-through™ for example of the paper.

Inspection and evaluation of the formation generally
occurs in that the paper is X-rayed. The structure and the level
of'uniformity ofthe fiber distribution in the paper is a measure
for the formation. A distinction is hereby made between uni-
form, placid and clear look-through for paper of good quality
and irregular, cloudy and very unsettled look-through for
lesser quality papers.

The formation of a paper or cardboard web is a decisive
quality characteristic which influences the further processing
of' the fibrous web in a multifaceted way. One example is the
influence of the formation on the strength and the printability
of the end product.

The formation of a paper or cardboard web is influenced on
the one hand by the raw material used and on the other hand
to a not inconsiderable extent by the sheet formation. The
sheet formation is hereby determined by the headbox and the
forming unit. The forming unit may for example comprise a
Fourdrinier or a hybrid former or a modern twin wire former.

The values which influence the formation in this process
step may for example be stock consistency, vacuums in the
forming unit, the retention and the water volume, as already
also described in DE 10 2005 062 304 Al.

Experience shows that even minor changes in the compo-
sition and the characteristics of the used fibrous stock can
have considerable influence on the formation. Moreover, each
change in basis weight of a paper web requires readjustment
of the values influencing the formation.

Because of these aforementioned reasons the formation is
subject to continuous fluctuations. These formation fluctua-
tions are especially pronounced in products containing waste
paper, which can be ascribed to the corresponding fluctua-
tions in the raw material composition.

Today, spontaneously occurring formation changes are
countered mainly through mechanical adjustment of the
headbox lip opening. This alters the stock consistency in the
infeed to the headbox, so that the basis weight can be kept
constant.

In order to improve the formation an enlargement of the lip
opening is necessary, leading to higher energy use, since the
throughput volume is increased. As a result however, the
overall ash-retention decreases disadvantageously, requiring
the addition of more retention agents.
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Also affected are the control circuits for automatic dosing
ofretention agents, as well as the efficiency of the white water
filtering downstream units.

The drop in retention makes the addition of increased vol-
umes of retention agents necessary, thereby also negatively
impacting the formation due to stronger flocculation. A pro-
cess fluctuation is released by these self-exciting control cir-
cuits which destabilizes the entire water management system
of the paper machine (stock metering station, approach flow
system, process water recovery, stock preparation) over sev-
eral hours.

To automatically control the formation, several online for-
mation measurements and controls are disclosed in the cur-
rent state of the art, for example in EP 1 342 843 A1, DE 101
18 508 Al or DE 10 2005 062 304 Al. It is for example
suggested to keep the formation to a predefinable setpoint
level with the assistance of the dewatering efficiency in the
forming unit or by means of the retention agent adjustment.

What is needed in the art is to create an improved method
as well as an improved apparatus of the type described at the
beginning with which the formation of a fibrous web can be
stabilized at a higher level.

SUMMARY OF THE INVENTION

The present invention provides a method of controlling the
formation of a fibrous web, such as a paper, cardboard or
tissue web, whereby the formation of the fibrous web is
measured online as a controlled variable and is held at a
predefinable setpoint level via automatic formation control,
characterized in that in addition to the formation the charge
concentration of the fibrous suspension forming the fibrous
web is measured as a controlled variable and is taken into
consideration during formation control.

The present invention provides an apparatus to produce a
fibrous web, such as a paper, cardboard or tissue web includ-
ing a formation sensor with which the formation of the fibrous
web is measured online as a controlled variable and is
adjusted by means of an automatic formation control to a
predefinable setpoint level, characterized in that a charge
concentration sensor 3, 3a, 3b, 3¢ for charge concentration
measurement is provided with which the charge concentra-
tion is measured as a controlled variable and is taken into
consideration in formation control.

According to the invention it is suggested to improve the
method of controlling the formation of a fibrous web, such as
a paper, cardboard or tissue web in such a manner that not
only the formation of the fibrous web is measured online as a
controlled variable and is held at a predefinable setpoint level
via automatic formation control but that, in addition to the
formation, the charge concentration of the fibrous suspension
forming the fibrous web is measured as a controlled variable
and is taken into consideration during formation control.

The charge concentration or charge requirement is mea-
sured in the fluid phase of the fibrous suspension.

The formation can hereby be determined directly via at
least one formation sensor and/or indirectly via at least one
auxiliary quantity, in particular the water volumes in the
forming unit. A direct formation measurement can for
example occur by means of a camera.

The charge concentration can for example be determined
through an automated polyelectrolyte-titration.

One arrangement of the invention provides for measuring
the charge concentration continuously and online, so that
each change in the charge concentration can be directly con-
trolled. However, an intermittent measurement is also con-
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ceivable, for example when no great fluctuations are
expected. Moreover, an offline measurement is also conceiv-
able.

A machine to produce a fibrous web consists essentially of
a raw stock preparation section, a raw stock mixing device, a
sheet forming section, a sheet drying section, a sheet convert-
ing section and a winding device which are arranged in suc-
cession in the direction of production. Measuring of the
charge concentration occurs preferably at one or several loca-
tions before the sheet forming section.

In one advantageous design variation the measurement of
the charge concentration is performed before the approach
flow section or respectively after the raw material mixing
device. The effect of the individual process chemicals on the
formation is thereby determinable.

Moreover, measurement of the charge concentration can
occur before or after addition of fixing agents, viewed in
direction of production. The effect of the fixing agent on the
suspension can hereby be determined especially advanta-
geously and thereby addition of the fixing agent is able to be
optimized.

Another alternative of improving the formation control is
to measure the charge concentration before and after the
addition of retention agents, viewed in production direction.
This allows for the effect of the retention agent upon the
charge concentration to be evaluated and to be utilized for the
improvement of the formation and/or to control the retention
agent addition.

For controlling the formation and/or charge concentration
it is suggested according to the invention to hold one or
several manipulated variables to a predefined setpoint level
through appropriate changing of said manipulated variables

Since the formation and the charge concentration depend
on a great many factors, they can be held to a predefinable
setpoint level by targeted changing of one or several of the
following manipulated variables:

fixing agent addition

retention agent addition

freeness value

mass starch addition

composition of stock mixture

sizing agent addition (resin size, AKD, ASA, polyvinyl

amine)

wet strength agent addition (melamine-formaldehyde con-

densate, urea-formaldehyde condensate, epichlorohy-
drin, etc.)

vacuum at the forming roll

vacuum at the forming shoe

position of the dewatering elements in the wire section

lip opening

fresh water addition.

Through the additional measurement of the charge concen-
tration it is possible to change one of the manipulated vari-
ables more specifically without lastingly destabilizing the
control circuit for the formation control. The regulating range
of the manipulated variables can hereby be limited within a
predefinable range.

When reaching at least one of the predefinable limits of a
regulating range of at least one of the manipulated variables
an alarm is triggered.

A preferred practical design variation of the inventive
apparatus to produce a fibrous web, such as a paper, card-
board or tissue web comprises a formation sensor with which
the formation of the fibrous web is measured online as a
controlled variable and is adjusted by means of a formation
control to a predefinable setpoint level, whereby a charge
concentration sensor for charge concentration measurement

10

15

20

25

40

45

50

60

4

is provided with which the charge concentration is measured
as a controlled variable and is taken into consideration in
formation control.

The formation is measured in the apparatus with a forma-
tion sensor, for example a camera, and the charge concentra-
tion with a charge analyzer, whereby these measurements are
supplied to the formation controller. The formation controller
may for example be a PID controller.

In view of the complexity of the inter-relations in a forma-
tion control it is in particular also advantageous if the appa-
ratus includes at least one status controller and/or at least one
controller with at least one self-learning control algorithm.

Viewed in production direction it is advantageous if charge
concentration sensors are provided in the apparatus at one or
several locations prior to the former. A charge concentration
sensor is preferably installed before the approach flow system
or respectively after the raw material mixing device.

To increase the dynamic of the control circuit it is moreover
advantageous if a charge concentration sensor is provided
after and/or before the raw material mixing device, so that
fluctuations in the charge concentration which are caused by
the addition of fixing agents into the raw material mixing
device may be responded to immediately.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and advantages of
this invention, and the manner of attaining them, will become
more apparent and the invention will be better understood by
reference to the following description of embodiments of the
invention taken in conjunction with the accompanying draw-
ings, wherein:

FIG. 1 is a schematic illustration of one design variation of
the apparatus according to the invention for the production of
a fibrous web with controlled formation;

FIG. 2 is a schematic illustration of the control system of
another design variation of the apparatus according to the
invention for the production of a fibrous web, with expanded
automatic control.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein illustrate embodiments of the invention, and
such exemplifications are not to be construed as limiting the
scope of the invention in any manner.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a schematic illustration of an exemplary design
variation of an inventive apparatus for the production of a
fibrous web which may in particular be a paper, cardboard or
tissue web.

Referring now to FIG. 1, the apparatus comprises a stock
preparation section with a raw material mixing device 4, an
approach flow system 8, a sheet forming and dewatering and
dewatering section 10, 11, a sheet drying section 13 and a
converting section 14 and a formation controller 18 to control
the formation.

Formation of the fibrous web is measured online as a con-
trolled variable via a measuring device 16 which is provided
at the end of the sheet drying section 13 and converting
section 14. This occurs for example through a camera system
according to the current state of the art. The charge concen-
tration in the fibrous suspension is measured online with a
charge analyzer after raw material mixing 4. Both values—
formation and charge concentration—are supplied to the for-
mation controller 18 as controlled variables.
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Formation can be held to a predefinable setpoint level via
the automatic formation controller 18, whereby the addition
of fixing agent into the raw material mixing device 4 is con-
trolled via formation controller 18. Additional controlled
variables as listed above can moreover be changed in order to
control the formation process, whereby these are not illus-
trated.

FIG. 2 shows a schematic illustration of the control system
in another design variation of the inventive apparatus for the
production of a fibrous web, with expanded controls for con-
trolling the formation.

An expanded control unit includes additional charge con-
centration sensors 3a, 3b, 3¢ and in addition, retention 9 is
measured online and is supplied as a controlled variable to the
formation control.

Formation control therefore does not only occur based on
one measurement and the change in the fixing agent addition
but, due to several charge concentration measurements there
is now the possibility to optimize the formation control at
various locations in the suspension preparation before former
12 and retention measurement 9 insofar that the addition of
fixing agent as wells as the addition of retention agent can be
minimized.

For further improvements other controlled variables and
adjustments as discussed above can be changed through the
formation control.

While this invention has been described with respect to at
least one embodiment, the present invention can be further
modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses,
or adaptations of the invention using its general principles.
Further, this application is intended to cover such departures
from the present disclosure as come within known or custom-
ary practice in the art to which this invention pertains and
which fall within the limits of the appended claims.

COMPONENT IDENTIFICATION LIST

1 Raw materials

3, 3a, 3b, 3¢ Charge measuring point
4 Raw material mixing

5 Fixing agent

6 Headbox

7 Retention agent

8 Approach flow section

9 Retention measurement

10 Sheet formation

11 Dewatering

12 Former

13 Sheet drying

14 Converting

15 to other controlled variable controllers
16 Formation measuring

17 Winding

18 Formation controller

20 White water circuit

21 Dewatering sensor

20

25
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What is claimed is:

1. A method of controlling a formation of a web of fibrous
material, said method comprising the steps of:

measuring online the formation of the web as a controlled

variable;

holding the formation of the web at a predefinable setpoint

level via an automatic formation control;

measuring, in addition to the formation, a charge concen-

tration of a fibrous suspension forming the web as a
controlled variable and taking into consideration said
charge concentration during said formation control,
wherein said charge concentration is held to a predefined
setpoint level through appropriate changing of at least
one manipulated variable.

2. The method according to claim 1, wherein the web is one
of'a paper web, a cardboard web, and a tissue web.

3. The method according to claim 1, wherein the formation
is determined at least one of (a) directly via at least one
formation sensor and (b) indirectly via at least one auxiliary
quantity.

4. The method according to claim 3, wherein said at least
one auxiliary quantity is at least one water volume in a form-
ing unit.

5. The method according to claim 1, wherein said charge
concentration is measured by way of a charge analyzer.

6. The method according to claim 1, wherein said step of
measuring said charge concentration occurs one of continu-
ously and intermittently, one of online and offline.

7. The method according to claim 1, wherein said step of
measuring said charge concentration occurs at at least one
location before a sheet forming section, viewed in a direction
of production.

8. The method according to claim 1, wherein said step of
measuring said charge concentration is performed one of
before an approach flow section and respectively after a raw
material mixing device.

9. The method according to claim 8, wherein said step of
measuring said charge concentration occurs one of before and
after adding a plurality of fixing agents, viewed in a direction
of production.

10. The method according to claim 1, wherein said step of
measuring said charge concentration occurs one of before and
after adding a plurality of retention agents, viewed in a direc-
tion of production.

11. The method according to claim 1, wherein at least one
of the following manipulated variables is appropriately
changed: a fixing agent addition; a retention agent addition; a
freeness value; a composition of a stock mixture; a mass
starch addition; a sizing agent addition; a wet strength agent
addition; a vacuum at a forming roll; a vacuum at a forming
shoe; a position of a plurality of dewatering elements in a wire
section; and a lip opening.

12. The method according to claim 11, wherein said sizing
agent addition includes at least one of resin size, AKD, ASA,
and polyvinyl amine.

13. The method according to claim 11, wherein said wet
strength agent addition includes at least one of melamine-
formaldehyde condensate, urea-formaldehyde condensate,
and epichlorohydrin.



